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Film conductivities in Rn longitudinal magnetic field 


Dok. AK SSSR 99/4, 519-22, Dec 1, 1954 


An analytical expression for the effuctive conductivity of metal films in a 
constant longitudindal magnetic field (H) is-sought. By imposing certain 


conditions upon the magrietic field aiid the electron tehavior in such a field, ] 


the following sought exvressicn is fuund: ; 
: r= (' jaz] Ba, and its theoretical 


and physical mzanings are analyzed. ‘Three ref@rences (1938-1953). Diagrams; 


praph, 
Kharkov State University im. A, M. Garkdy 


Academician J.. Dy Lindau, Sentember #0, 1954 
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Deternination of dielectric constart of superconductors 
Zhur. Eksp. i Teor. Fiz., 29, No 5, 705-707, 1955 


Experimental results obtained by A. A. Galkin (DAN Ukrainian SSR, 
No 6, 1952) on the dielectric constant of superconductors may be 
comprehended, if the anisotropy of Superconductors {s taken under 
consi¢eration. The introduction of anisotropy into equations sub- 
stantially changes the expression o” surface impedance. of super- 
conductors. Indebted to I. M. Lifshits for discussions. Four 
references. 


July 14, 1955 
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Author Azbel', M. Ya.; Kaner E. A. 
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Title Anomalous skin effect for arbitrary integral. of collisions 
Periodical Zhur. eksp. i teor. fiz., 29, No 6(12), Dec 1955, 876-878 


Abstract : In an earlier work (M. I. Kaganov, M. Ya. Azbel', DAN SSSR, 102, 
ho » 1955) one of the authors obtained an expression for the surface 
impedance of a metal in the case of anomalous skin effect (i. e. an 
effect taking place at high frequencies and low temperatures, when 
the length of free path of electrons is large in comparison with the 
depth of penetration of the field into the metal); here it was as- 
sumed that the integral of collisions can be written with the aid of 
the relaxation time tau, distribution function of electrons » and 
equilitrium Fermi distribution function. Introduction of the relax- 
ation time can be strictly founded oaly for high temperatures (i. e. 
much greater than the Debye temperature); for lower temperatures the 
integral of collisions generally cannot be described in the usual 
form. In the present communication ‘the authors demonstrate that the 
formula. for impedance obtained in the above mentioned vork is cor- 
rect fcr arbitrary integral of collisions y use being made of the 
central. symmetry of the Fermi surface. They thank I. M. Lifshits 
for judging the obtained results. Two references. 


Submitted : July 14, 1955 
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Category : USSR/Electricity - Conductors 
Abs Jour ; Ref Zhur - Fizika, No 1, 1957 No 1621 


Author =: Azbel', M.Ya., Kaganov, M.J. 
Title : On the Theory of the Anomalous Skin Effect in Thin Films 


Orig Pub : Uch. zap. Khar'kovsk. un-ta, 1955, 64, 19-65 


Abstract : The authors consider the normal incidence of a plane monochromatic wave on a 
thin metallic film, the thipkness of which is much less than the free path 1. 
The behavior of the conduction electrons is described by the kinetic equation 
for the distributfon function of the electrons in phase space. An expression 
is derived for the surface impedance of metal films in the normal, and in the 
superconducting states. urface impedance on the f!1mn 
thickness d and o ed. The ratio of the active 


© normal state R/X vi/w (at 
low temperatures). In the case of superconducting films, the value of X de- 
pends little on d outside of the dependeace on the behavior of the electrons 
at the mete) boundary; in this case Rv 1/d in the case of mirror reflection 
of the electrons from the boundary, and 2-~vin d/l in the case of diffuse re- 
flection. 
: 1/1 
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.- Thtle- -- 4 Regariing the theory of akin. effect: ina constant magnetic field - 


Periodical 1 Dok. AN SSSR 100/3, A3T-uK0, Jan. a 1955 


Abstract.._t The. gastaae: impedance. ofa motal_ ina constant magnetic field parallel: to... 
: _to the metal surface is sought, The electron reflection from the metak  § [im 

surfate is considered as a diffusive process. Mathematical expressions — 

are derived for two cases of skin affect: (1) for low frequencies; and 

(2) for high frequencies. All quantities are taken at the border of the 

Fermi distribution. Five references: 3 USSR and 2 English (1949-1954). 


Institutions cesescsuse 


Presented by: Academician L. D. Landau, June 18, 1954 
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aklady, . 180, no. 4, i964, T3-4 : 
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; ‘The author considers the equations of the type 


his = ¥ hQ)y fe Qnn8) « us Vint 
“fata *y an = I (23 fa ta) = se F(z Damp, 


where it is assumed, without loss of generality, that |< : ats equation 
corresponds to the Shridinger equation for charge Tauasi tela s deh: meets = 
dispersion laws in accocstint magnetic frei! gene ale 
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Lite 1. Regarding the theory of the enomaljus skin effect 


AN S9SR 102/2, W952, May 1, 1955 


Bl iertodical b Dok. 


tis sought. It 18, 
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: | Institute 
I titution : The Acad. of Sete, Uhr. SSR, Physioo-Technical 
m ins 


F : 
REEMA Presented by t Acatienician L. D. Landau, February 1, 1955 
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; Abstract . t following formulas zi a is effect, dy, y! 


VF ore Fiy ae VY a)* (a os 
an i gr ere ee 
a: (ec ee —_ 


4: 
C £5 1 


‘Ths siabons c, Band '™ are explatned, Six references: 1 USSR, 1 Gern.,. 
and 4 Brit. (1938-1954). . 
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“On the Theory of Galvanomagnetic Phenomens," paper presented st the 
Internstionel Conference on Physics of Magnetic Phenomano, Sverdlovsk, USSR, 


23-31 May 1956, 
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“ah Aer tour, Fiz, Vol. | 20, Ro, Ay 220- 20-2 (1088). in 
Rasalan,” 
Rt in‘showa that ta ths ipait a very’ trong magneite field 
atrengihiy some cloments ali the condusiivity terdor arp ee 
’ pendent the seattering mito Tantsm and that in som case: 
” itis pasaible in principle ta deduce the topology af the: perm 
nuyface rent expartmental tats, UM Hatlelit’e 
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Aos Jour ; Ref Zhu’ - Fizika, No 2, 1957, No 4ake 


Author : Azbel', M.Ya., Kamer, E.A. 
Inst : sicevechnical Institute, Academy of Sciences Ukrainian SSR, Khar 'kov 
Title : Theory of Cyclatron Resovance in Metala 


Orig Pub : Zh. eksperim. i teor. fiziki, 1956, 20, No 4, 612-614 


Abstract ; An investigetion of the surface impedance of a metal es a function of 
the value of a constant magsetic field applied parallel to its surface, 
for arbitrary Gispersion aud for au erbitrary collision integral. Since 
the resonance impedance dip occurs at. such frequencies, at which the 
anomalous skin effect takes place, tie authors solve simultaneously 
Maxwell's equation and the kivetic equation in addition to the Fermi dis- 
tribution function. Unlike the. known "diamagnetic" resonance (using 
the author's terminology), which occurs in semicoaductors at a single 
frequency, cyciotrom resonance occurs in metals at many frequencies, 
close to multiples cf the fundamental frequeacy. Experimental study 
of cyclotror resonance makes it possible in pr inciple to determine the 


: 1/2 
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“ SUBJECT ussR / PHYSICS CARD 1 / 2 PA - 1488 
AUTHOR AZBEL',M.JA., GERASINENKO,V.I., LIFSIC,1.1i. 
TITLE The Puramagnetic Resonance and the Polarization of Nuclei in Thick 


Layers of Metal. 
PERIODICAL ‘Zurn.eksp.i teor.fis,31, fasc.2, 357-559 (1956) 
Issued: 10 / 1956 reviewed: 11 / 1956 
It is shown that with the help of a high frequency magnetic field 
H, >> (an6 pp/e® Z Bey Ho it is possible to polarize nuslci of rather great 
depth: Bopp 7 10 up +o 1 cm (up to which the electron progre33ses on the occa- 


sion of diffusion during the time Try)? Here H. and d, denote the field strengths 
of the constant and high frequency magnetic field, Tho the time of the free 


length of path of an electron with spin exchenge (7), 2 - the surface impedance 
of the metal. For the development of a conseguent theory the following MAXWELL'S 


‘ > 3 > > ney 
equations: curl Ex-(1/c)a3/at, curl Hy=(4x/e)3, B=H,+4nK and a kinetic equation 
for the operator f of electron density are to be solved. (The operator f acts only 
upon the spins). Be ssi eet tee +2 a “ 

af , af yet ‘co si alt ao, ? + (4) + Ay, 0 

at ax ap ic at’ col ) We 
Here (af/at) 4, and (af/ot) denote the collision integral with and without spin 


» > 
exchange raspectively, 6 - the spin operator, v and p - velocity and momentum of 
the electron. For these collision integrals explicit expressions are then given. 
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Abs Jour : Ref Zhur - Fizika, No 1, 1958, 1378 


Author : Azbel', M.Ya., Kaner, B.A. 
alae ee 
Inst : Physico-Technical Institute 
Aced f 
oe a Was , emy of Sciences, Ukrainian 
Title + Theory of Cyclotron Resonance ir, Metals. 


Orig Pub : Zh. eksperim. i teor. fiziki, 1957, 32, No 4, 896-914 


Abstract A study was made of a new type of resonance in netals, 


Wh:.ch takes place in high frequency electromagnetic fields 
and in a constant magnetic field parallel to the surface 
of the metal, when the frequency of the alternating fiela 
¢~ is a multiple of the cyclotroa frequency <2 = eH/me. 
The form of the resonant curve depends substantially on 
the law of dispersion of the electrons and makes it 
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Abs Jour : Ref Zhur - Fizika, No 1, 1958, 1378 


possible to determine, from expelimental data, the topolo- 
gy of the boundary of the Fermi surface and its actual cha- 
racteristies. The surface impednnce of the metal is calcu- 
lated for an arbitrary direction of the constant magnetic 

field relative to the surface. ‘The examination was carried 
out also under the most general assumptions of the electron 
theory of metals (arbitrary law of dispersion and collision 
intervals); it is shown that it is possible to introduce 

the mean-free-path time of the electrons under conditions 

of anomalous spin effect at all emperatures. 
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The Heat Conductance and the Thermoelectric Phenomena 56-5-31/55 
jin Metals in a Magnetio Field. 


ductivity and the tensor of the Thomson's coefficients are li- 
nted.These interrelationships as obtained during the course of 
these computations are always valid, and they are not connected 
with the existence or nonexistence of a magnetic field.All kine- 
tic coefficients depend on the temperature because of two reasons! 
tiratly,because the shock integral depends on the temperature,and 
pecondly,because the distritution function of the electrons which 
sorresponds to the equilibrium depends on the temperature .Because 
of the always present strong degeneration of the electron gas it 
is of interest to compute the first nonvanishing terms of the ex- 
pansion of these coefficients with respect to the powers of the 
small parameter a oe computation is discussed in the paper 
ander review,and eC result are given.If the ehock operator is a 
§-function with respect to the energies,then these expressions aré 
greatly simplified.For the nsymptotic values of the components 
and Oxy (KH denotes the tensor of the heat conductivity )the 
Gi seewann-Frane Las is always valid. (No reproductions ) 
Physical-Technological Institute,Academy of Sciences of the 


UkrainianSaa 


e 


9.7.1956 
Library of Congress. 
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AUTHOR AZBELY, M.Ya. ,GERASINENKO, V.1.,LIFSHITS, I.K. 56-5-35/ 59 
TITLE : “FEe Paramagnetio Resonance and the Polarization of Nuclei 
: in Metals. 
(Faramagnitnyy rezonans i polyarizateiya yader v metallakh - 
Russian) 
PERIODICAL is A: ee Teoret .Fiziki,1957,Vol 32,Nr 5)pp 1212-1225 
U.S.S.R. 
ABSTRACT The Theory of the paramagnetic resonance, as constructed in the 
paper under review,is based on the simultaneous solution of the 
Maxwell's equations and of the kinetic equation for the density 
operator.The paper under review also determines the degree of po- 
lurization of the nuclei in s. metal and the coefficient of trans- 
purency of metallic films,taking into account the diffusion of 
the spins.This problem i solved by means of the system of $ho _. 
Maxwell's equations rot k= -(1/0)9 B/9t; rot S (ax/oy fit 1+4RM, 


AA Geeta ERO Se 


2 


and of the kinetio equation Jor the operator of the electron den- 


7 4 a 
sity (2/9 t)ev(Qt/re)+ t/a Pp eE+(0/0)| ¥B | +(4/9 { aa] 
n> > sry => > 

+(Ot19t ae 201 sao Bs B= 65+ 12, t)1 ¥ VV pE€(p). In this oon- 
text, £5 and ¥ denote the energy, the quasiimpulse and the velo- 
city of the electrons, respestively; & stands for the operator of 
the apin, and (at/at), for the shock integrul of the electrons. 
For f also a boundary condition ie given. By solving the kinetic. 
equation one obtaines a connect on between ths current denajty J 

Card 1/2 the electrical field strength 5, the magnitic spin moment hi, and 
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AUTHOR _ AZBEL', M.Ya. 56-5-52/55 
TITLE On the Théory of the Skin Effect in Metals. 


(K teorii'okin-effekta v metallukh -Russ ian) 
‘PERIODICAL Zhurnal Exsperim.i Teoret.Fizikl,1957,Vol 32,Nr 5,pp 1259-1259 (USSR) 


ABSTRACT It is usual to assume Bell when 3onstructing the theory of the skin 
effect in metals, bocause the magnetical ausceptibility of metals is 
very small (frto~°).But to neglect the gpin pararagnetisa of the 
free electrons means to commit a considerable error in the caterini- 
nation of the coefficient of transition of an electromagnetic wave 
through a sufficiently thick film.This can be explained in the 
following way:The uwagnetic moment connected with spi pppannenee ee 
ceases to exist in the depth bere] tole /3(148 cm y 2.In this 
context,v denotes the Fermi's boundery velocity of Rive electrons, 
stards for the velocity of the electromagnetic ficld,and ty and Tgp 
dencte the times of the free length of path of the electrons without 
and with spin exchange,res vely Bedause the usual depth of the. 
skin layer amounts to &@\'c2/2ncdd, we have 5 Serf 7 (0/vto) 1n/2%nee— 
~to74sec/t >t. In this context,n,n and e denote the density,the 
effective mass,and the charge, respectively ,of the electron,and 4 
stands for the conductance of the metal.Consequently consideration 
of “he magnetic moment caused ty the spin leads to an additional 
teri which,although small,ceases to exist onty slowly.In this con- 
text,the paper under review conputes, taking into account this ad- 
ditional term,the coefficient of the transition of the wave through 

Card 1/2 a sufficiently thick fila (dS 28in(Sers/any &)-In this case,the com- 
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On the Theory of the Skin Effect in Netals. 56-5-52/55 


plete sygtem of the equations has the following fgga: ro Ea -ivB/cy 
rot Paetloy Rian Mey ee). Qe v cosh + ¥ “a ie oy, 
1 1 1 


to. te 
er. t ino fad J f Pee . The solution of this systen is 
O70: SR 2. completely analogous to the 


solution of the syabea (20) in the paper by M.Ye.Azbel',V.I.Gerasinen- 
ko, 2-M.Lifshits,Shurn.eksp.i teor.fis.,Vol 32,Nr 5,p 1212(1957), and 
leads to the following formulae for the coefficient of transition: 


Zoe 
672 deff ‘ 
a A OS Top | » 261n any »& dE borr- In particular,we have 


2uW 
at normal skin effect and with Wy1/Tsp : K~ ~ (Hay? < Z aK In-@ 
— aor, This abstract is a translation of the short note 
Jenot, under review. 


(No reproduction). 
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56-3-37/59 
On the Theory of the Paramagnetic Resonance of Electrons in Superconductors 


of massive superconductors is impossible. For the purpose of 
enabling an observation of the paramagnetic resoname on a 
superconductor, d< must be true for the thioknesa d of the 
superconductor. (The eXporimental detormination of a paramag- 
netic resonance on massiv superconductors would Signify that the 
resonancel’caused by the superconductive electrons). For the de-~ 
‘ermination of the law of damping of the high-frequency and the 
constant magnetic field an equation given in a previous paper 
has to be solved. For normal elestrons in no case resonance 
exists at @) aly €1. the spin diffusion of normal eleotrons 
even in the case of superconductors leads to the ocourrence of 
a small, slowly damped torn in ecpreasiona for the alternating 
field and for the constent field, At 22 6) the magnetic field 
in a superconductor is damped considerably nore slowly than it 
appears according to the usual theory by London. There are 5 
reforancos, 3 of which are Slavic. 
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, 56-6-22/47 
On the Theory of Cyclotron Resonance in Netials 


3,) On non-elliptical surfaces resonance frequency corresponds to 
a maximum of p., on the effective mass of (1/21)(90 s/o€) 
4.) At frequenéies which coriespond to the foci of the elliptiéal 
surfaces, resonance gccurs with a polarization of the electric wave 
along the aeccotien 
5.) At frequencies which correspond to the central cross section, 
resonance occurs with a pola rization of waves only along the di- 
rection of the limit velocity at the point p, = v. = 0. 
6.) At frequencies which correspond to the extrenéd values of the 
effective mass in the central cross saction ~E (p) = » P. ® conate 
resonance occurs at any polarization of the electromagnetic wave. 
7.) The relative paki paella the case So ie 
tive mass is / (0 -1/6 x re) ~~ 1/6 
Reson ; ~(@T,) y ane | n(@T5) 
in the case of a minimum effective mass: 


reso 


&.) Further conclusions concerning the dependence of impedance on 
the magnetic field and the law of dispersion are also mentioned. 
"here are 4 figures, and 13 references, 6 of which are Slavic. 
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AZBEL', MeYasy Doo PhyseMath Sci-- (disc) "Theory of high frequency 
conductivity of metals in «a constrat mognetic field." Khar'kov, 1958, 
13 pp (Acad Sei UBSR. Inst of Phys Problems is S.I.Vavilov) 130 copies © 
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80V/56-3h~ 9- 38/95 

AUTHOR: Azbel', NM. Ya. 

PITLE: On the Problem of the Restauration of Form of the Fermi-Sur- 
face in Metals (K voprosu ¢ vosstanovlenii formy Fermi- 
-poverkhnosti v metallakh) 


PERIODICAL: Zhurnal Eksperimental'noy 4, Peoreticheskoy Fiziki, 1958 , 
Vole 34, Nr 3, pp» 754 - 795 (USSR) 


ABSTRACT: Whe determination of the form of the Fermi-surface E(p)= E, 
from the experimental results is of great importance for 7 


theory. In this case & or p respectively, denote the energy 
or the quasi-momentum of the conduction electron respective~ 
ly, and €. denotes Fermi'ts limiting energy. I, M. Lifshits 
and A. Ve Bogorelov (Reference 1) proposed a method for such 
a determination of the Fermi-surface from the extremum sur 
faces 5. of the cuttings of the Fermi-surface, these sur- 


faces can be determined from the periods of the oscillations 
of the magnetic susceptibility X with the effect of de Haas- 
Card 1/3 van Alfvén (De Gaaz-van Al'fen). But the harmonic analysis 
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SOV/ 56-34 3.30/55 
- On the Problem of the Restauration of Form of the Fermi-Surface in Metals 


of the experimental curves y (H) is rather difficult on account 


t 
of the number of harmonies which is,as a rule, great. The e peesent 
gives @ wmetnod Lor tne imweuvsaus getermination of 3 


various harmonics, and of tke, radius vector of the p- Ses 
as function of the direction. p/P» The author investigates 
here the effect by de Haas - van Alfvén in a film in a con. 
stant magnetic field orientated at random. For the sake cf 
pbriefness it is assumed that the Fermi-surface represents 
& closed convex surface. If the track corresponding to the 
Higa cutting "has no place" in the film of the thickness 
, alY¥ electrons collide with their ae and the anmpli- 
eae of the quantum oscillations cf and is p:-oportional 
tio an at least second power of jar E, ( denotes Bohr 
nagneton for the conduction electr But Ae the track 
corresponding to the central ee "has place" in the 
film, the electrons correspending to the central cutting 
(which contribute to the quentum oscillation) do not collide 
with the surface. Their energy spectrum arees in the quasi- 
~-classical case with the spectrum in a massive metal and 
the amplitude of the coneg pontine quantum oscillations is 
Card 2/3 proportional to ( aH/ E, ) The magnetic moment differs 
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On the Problem of the Restauration of Form of the Fermi-Surfuve ir Metals 
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then fron the magnetic moment of a massive netal only b; 
the fact that the difference D - @ instead of D enters 


the formulae. With the method discussed here, d and er 


are thus determined Separately for each plane and the har- 
monic analysis is not applied. Also the values of Soxt 


allow the determination of the Fermi-surface according to 
the method by Lifshits-Pogorelov. There are i figure and 
4 references, 4 of which are Soviet, 


Fiziko-tekhnicheskiy institut Akademii nauk Ukrainskoy SSR 
(Physical-Technical Institute AS Ukrainian SSR) 


November 26, 1957 
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sov/ 56-34 -3-45/55 


Azhel' ? We Yas 
—— 


On the Theory of Surface Impedance of Netals With Anomalous 
Skin-Effect (K teorii poverkhnostnogo impedansa metallov 
pri anomal'nom skin-effekte) 


Zhurnal Eksperimental'noy i Teoreticheskoy Fiziki, 1958, 
Vol. 34, Nr 3, pp. 766 - 767 (USSR) 


A theory of the surface impedance under the conditions of 
anomalous skin-effect was developed in 2 previous works 
(References 1, 1a) in which case the smallest characteristic 
value of the problem is the depth 6 of the skin-layer. In 
this connection the electirons in the matal are considered 

an ideal gas of Fermi quasiparticles with the law of dis- 
persion E= €(p). E denotes here the anergy and p - the 
quasi-impulse of the particle. In reality, the interaction 
of the electrons is not small at all, for which reason the 
conduction electrons are to be considered a Fermi-liquid. 
The formulae for the current density and for the kire tic 
energy are written down and briefly discussed. The electrons 
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SOV/56-34-3-45/55 - 
Qn the Theory of Surface Impedance of Metals With Anomalous Skin-Effect 
of the Fermi-liquid and of the Fermi-gas give the same re- 
sults in zeroth approximation with respect to anomaly. The 
correotness of this assertion can also be confirmed by 
means of a substitution given tere. There are 4 references, 
3 of which are Soviet. 
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AUTHOR: . Azbel', M. Ya. 56-34~4-29/60 

TITLE: The Quantum Theory of the High Irequency Conductivity of 
Metals (Kvantovaya teoriya vysokochastotnoy provodimosti me- 
tallov) 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1958, 
Vol. 34, Nr 4, pp. 969 ~ 983 (USSR) 


ABSTRACT: In this paper the theory for the general case that an inhomo- 
geneity exists in space which is in connection with the non- 
steady stall of the electric field. Inhomogeneity is here 
assumed to be assential, i.e. that the depth § of the skin 
layer is assumed to be very small compared to the Lazma-radius 
yr and the free length of path 1 of the electrons, Thus,the so 
called anomalous skin effect is concerned, At helium-tempera- 
tures, when quantum oscillations are observed, this is the case 
even with ultra short waves. At the same time in the inhomoge- 
nous case specific, essential difficulties arise in connection 
with the following fact: Hitherto it has not been known, how it 
is possible to represent the quantum mechanical problem of de~ 
termination of the energy spectrum and of the matrix elements 

Card 1/3 for a bounded metal-test, if the reflection of the electrons on 
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The Quantum Theory of the High Frequency Conductivity 56-34~4-29/60 
of Metals: 


the walls of that sample diffuse in the olassical sense. This 
problem can be solved because only such electrons as do not 
collide with the surface make an essential contribution towards 
ms the quantum-like additional term to the classical ourrent den- 

sity. The complete system of equation for the determination 
of electric conductivity consists of the Maxwell equations and 
of the kinetic equations for the statistica operator ?, Also 
for the connection between current density j and fa foraula » 
is given in quasiclassical approximation. The system of equa- 
tions which results in quasiolassical approximation is expli- 
citly written down, This problem is reduced to the computation sd 
of the quasiclassical matrix elaments. The following two chap- : 
ters deal with the solution of the problem in the case of mirror- 
~like or also any reflexion of the electrons on the surface of 
the metal. An essential contribution is made towards the quantum 
like oscillating additional term only by such electrons as 
satisfy, at the same time, the following conditions: The average 
(with respect to the period of xevolution in the orbit) velocity 
of their motion into the depth of the metal is low. The surface 

Card 2/3 § of the cross sections corresponding with their orbits is al- 
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The Quantum Theory of the High Frequency Conductivity 56-34-4-29/60 
of -Metala 


moat equal to the extreme value S$ - In the ccurse of 


extrene 
their motions the electrons do not collide with the surface. 
In the last chapter the quantum-like additional tern to the 
current density is computed. There are 14 references, 12 of 
which are Soviet. 
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, Ya SOV/56 -34--5--16/61 


The Quantum Oscillations of a High Frequency Surface 
Impedance (Kvantovyye ostsillyatsii vysokochastotnogo 
poverkhnostnogo impedansa) 


PERIODICAL: Zhurnal eksperimental'noy i tecreticheskoy fiziki, 1958 
Vol. 34, Nx 5, pp» 1158-1168 (USSR) 


ABSTRACT: The author derives a quantum formula for the total surface 
impedance of metals for high frequencies on the basis of the 
general formulae previously obtained by the author (Ref 1). 
First the total surface impedance is calculated, By solving 4 
system of Maxwell equations (which, in the discussed case, 
can be reduced to the equations 


Eni) = gnicde”?5(§), (a = x, f ). ag (§)=0) 


with the follwing relation between the current density and the 


electrical field strength ji (§) = 34 assica 


($) + Aj, quantua(s) 
it is possible to determine the total surface impedance. {de- 
rotes the direction in the metal plane that is perpendicular 
to :. First the case of the senispace is investigated. For the 
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The Quantum Oscillations of a High Frequency ‘3urface S0V/56-34-5-16/61 
Impedance 


anonalous skin effect only great k and k' are important. The 
calculations may be simplified in the most important case of a 
strong magnetic field with resonance. Formulae are given for 
the impedance. According to these fornulae the case with equal 
numbers of holes and electrons (N,=N2) is not & specia) state. 
The formulae derived in this puper give the zero approximation 
and the ja approximation of the impedance with respect to 
(uH/e,)* 2 and the zero approximation with respect to Bee/t> 


All the derived formulae hold nlso for not too thin films on 
which an electromagnetic wave ‘alls from one side. If the film 
is toothin, the amplitude of the quantum oscillations with the 
corresponding period is equal ‘to zero in the considered approxi- 
mation. In the next part the quantum oscillations of the sur- 
face impedance in the magnetic field perpendicular to the sur- 
face are dalculated on the assnaption of a quadratic dispersion. 
The quantum additional term to the surface impedance in zero 
approximation is purely real. ‘he last two parts of this paper 
discuss the possibilities of reestablishment of the Permi surface 
and the quantum oscillations of the static conduction in films. 
The amplitudes of the quantum oscillations dR/dH and dX/dH are 


APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000102720010-8" 


“APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86- 00513R000102720010- 8 


i sd A eA i 


fa tg 


Impedance 


= 


ASSOCIATION: 


SUBMITTED: 


Card 3/3 


ED rere re ae 5 SeereeS ae 1 g eRe 
Ai ee Woe ees nett etticds fF TE TE o ee 


The Quantun Oscillations of a High Frequency Surface Sov /56- 34-5..16/61 


(E ofauyt/2 times greater than its classical value. In a magnetic 
fi€ld exactly parallel to the surface (n/2- GK, rs) ee/1) the 


periods of the oscillations are caused by all the extremal cross 
sections of the Fermi surface but in an inclined magnetic fieid 
only by the central crocs sections. Atleast a formula is given 
for the tensor of the surfece impedance. The author thanks 

I. M. Lifshits and L. D. Lendarffor useful discussions. There 
are & references which are Soviet, 


iziko-tekhnicheskiy institut Akademii nauk Ukrainskoy SSR 
(Physical-Technical Institute, AS UkzSSR} 


November 26. 1957 


1. Metals—Electrical properties 2. Oscillations--Theory 
3. Impedance~—Mensurenent 4, Mathematics--Applications 


APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000102720010-8" 


AUTHORS : 


TITLE: 


PERIODICAL: 


ABSTRACT: 


Card 1/3 


SOV/56-35-3-20/61 
Azbel', M. Ya., Gerasimerko, V. I., Lifsnits, I. M. 


a 
On the Theory of Paramsgnetic Resonance in Metals (K teorii 
paramagnitnoge rezonansa Vv netallakh) 


Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1958, 
Vol 35, Nr 3, pp 691-702 (USSR) 


Paramagnetic resonance may occur if a metal is located ina 
steady magnetic field Ho and in a variable electromagnetic 


field Hy» in which case the following must apply to the fre- 


quency of the variable field: w =, = .2hH/t- The absorption 


of the energy of the electromagnetic waves impinging upon the 
metal under the conditions of paramagnetic resonance has al- 
reedy been investigated by a number of experiments (e.g. Ref 
The first theoretical investigation of this problem together 
with the calculation of electron diffusion from the surface 

layer was carried out by Iyson (Dayson) (Ret 3). The authors 
the present paper developed a general theory of paramagnetic 
resonance in an earlier paper (Ref 1); it is based upon the 
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On the Theory of Paramagnetic Resonance in Metals S0V/56-35-3-20/61 


solution of the equation for the electron density operator. 
The electrons are looked uyon as a gas of noninteracting 
quasiparticles; for e(p) any dispersion law applies, and also 
the direction of Ho and the intensity of Hy may be chosen at 


random. In the present paper the authors, besing upon the re- 
sults obtained by the preceding paper (Ref 1), investigate the 
dependence of surface impedance on the angle of inclination of 
the steady magnetic field to the metal surface, and further 
also the influence exercised by the dispersion law on impedance, 
and the case of sufficiently strong variable fields (resonance 
saturation). The following cases are dealt with: 1) In the in- . 
terval AG there are no open surfaces; 2) in At there are open 
and closed isoenergetic surfaces (e(~) = €), and 3) in d€ there 
are only closed isoenergetic surfaces. Calculations are at 
first carried out for 6 8.45 (6 = skin depth, 5,,, = depth 


of electron diffusion); 6 2445 (range of normal skin effect, 


j = 0E) is dealt with in an appendix. It is found that in strong 
H-fields surface impedance depends essentially on the angle of 


inclination between the H-direction and the metal surface. 
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There are 1 figure and 7 references, 5 of which are Soviev. 
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AUTHORS: Gurghi, Re N., Azbel', M, Ya. 


TITLE: Electron Relaxation Wine in a High-frequency Electro- 


magnetic Preté,end the Surface Impedance of a Meta 


PERIODICAL: Zhurnal ekaperimental'noy i teoreticheskoy figiki, 1960, 
Vol. 38, No. 2, pp. 524 =~ 5286 


TEXT: The authors investigated the influence of quantisation of the 
electromagnetio field and the electron orbits in a constant magnetic 
field on the relaxation time of electrons in a metal in connection with 
electron-phonon interactions, and again this influence on the surface 
impedance of the metal. The first part of the present paper deals with 
the influence of quantum effects on the electron-phonon collision fre- 
quency. Oni.y the results of an exact enalysis of the respective equa- 
tions are (discussed, first of all, for the normal skin-effeot region 
free path length é skin depth 6) and for the infrared region 
v/o€ akin depth), since analysis ia relatively simple in thie sds 
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Electron Relaxation Time in a High-frequency 8/056 297858 /02/31 /061 
Eleotromagnetio Field and the Surface B006 /B011 

Impedance of a Metal 


Quantum effauocts are inconsiderable in the first oase, and it is like- 
wise found ‘in the seoond case that the quantisation of electronic levels 
in the magnotio field exerts no appreciable influence either. The effect 
of quantization of the electromagnetic field in the infrared region had 
been investigated already earlier (Ref. 4). Concerning the anomalous 
skin-effeot region (1 >8) several general considerations are diacussed 
(classical effects and quantum effects, with and without magnetio field). 
Only., the case of Q€we is dealt with here, namely, in the second part 
of the paper, which in devoted to an investigation of the relaxation 
time with oyclotron resonance in metals (Q. = oyolotron frequency). The 
anomalous skin offect in the presence of a constant magnetio field 
parallel to the metal surface had already been investigated by 

M. Ya. Azbel' and E. A. Kaner, and expressions had been derived for the 
surface impedance in arbitrary fields. Only the limiting cases of weak 
and strong magnotio fields are briefly dealt with here, whereas the re- 
sonance region, where surface impedance is considerably dependent on 
relaxation time, is investigated in greater detail. Quantization in 

the magnetic field is not considered. The results obtained only refer 
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Eleotron Relaxation Time in a High-frequency 8/056 887838 /02 /31 /061 
Electromagnetic Field and the Surface BO06 /B011 

Impedance cf a Metal \ 

to the harzonios of the oyolotron enoushow. (Ow 22, 3, ....) with 
Na, and provided that k@ GPkT. Orbit quantization is found to 
be of essential importance only in the region of the anomalous skin 
effect, namely, at Q2 xr /%, Electromagnetic field quantization is al- 
ways considerable in the infrared region and in the region of the ano- 
malous akin effect in the presence of a constant magnetic field (in the 
entire region of the magnetic fields if @~Q, and only with oyolotron 


resonance if w>Q). There are 9 references: 7 Soviet, 1 Amerioan, and 
1 Canadian. 14 


ASSOCIATION: Fiziko-tekhnicheskiy institut Akademii nauk Ukrainskoy SSR 
(Ingtitute of Physics anil Technology of the Academy of 


Soienoces of the Ukraing nya SSR 
at ete 


August i 2, 1959 


SUBMITTED: 
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3/056/60/038/005/028/050 

: B006/B070 

AALS YP 
AUTHORS: ia Rozentsveyg,.L..N. |(Deceas2d), Azbel', M. Ya. 


aaa neat a tt 


TITLE: The Problem of Preparing a Polarized Hydrogen Target 19 


FERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960, 
Vol. 38, Now 5) ppe 1556 - 1558 


TEXT: M. Ya. Azbel', V. I. Gerasimenko, and I. M. Lifshits (Ref. 1) 
have shown that the method of Overhauser for nuclear polarization is 


not confinadd to very small samples (thickness d of the order of akin 


depth 6~107 tom). An exact theoretioal investigation of the paramagnetic 
resonance of conduction electrons in compact metallic samples showed 
that the ideas on the possibilities in principle of Overhauser's nethod 
as well as those on the choice of the optimal conditions must be re~ 
vised. Accordingly, the sample thicknesses polarizable by this method 
are considerably larger. If the constant; magnetic field is not exactly 


parallel to the surface of the netal, a~ bop ~V tT, holds (v is the 
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The Problem of Preparing a Polarized Hydrogen $/056 €0/038/005/028/050 
Target B006/B070 


necessary to study the hydride experimentally. The authors give sug- 
gestions for experimental investigations of this kind. Se ) and k(Hy) 
must be experimentally determined for a sample (d¢6 off)" From the for- 


mulas given here, T, and t/t, may be determined, and from these again, 


Soret An observation of the selective tranamissivity provides an addi- 


tional method for the checking of polarization which can be determined ge 


from formula (5) of Ref. 1. The method may be also used to prepare 
deuterium and tritium targets. Finally, another effect is discussed; 
which was detected by Ye. K. Zavoyakiy. ‘There are 4 references: 1 Soviet 
and 3 US. 


ASSOCIATION: Fiziko-tekhnicheskiy institut Akademii nauk SSSR 


(Institute of Physics and ‘technology of the Academy of — 
Solences USSR) 


SUBMITTED: December 7, 1959 
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3/056/60/039/01/13/029 


B006/B070 
AUTHORS: Azbel', M. Ya., Kaner, E. A. 
TITLE: “The Problem of the Experimental Investigation of Cyclotron 
Resonance ie Metals : 
PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960, Ak 


Vol. 39, No. 1 (7), pp- 80-87 


TEXT: Up to now cyclotron resonance has been experimentally observed in 
seven metals: tin, lead, indium, bismuth (and its compounds with tin 

and thallium), copper, zinc, and aluminum. On this subject there exist 
many experimental and theoretical works. The aim of the present paper is 
to discuss the data in these publications and to compare them with the 
theoretical predictions. Some further possibilities of experimentally 
investigating cyclotron resonance in metals are also mentioned. The 
general theory of the effect is then given, and the determination of 

the effective carrier mass, the form of the resonance curve, and the law 
of dispersion are briefly dealt with. In the following, experimental facts 
are compared with theoretical predictions. The theoretically predicted 
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The Problem of the Experimental Investigation 8/056,//60/039/01/13/029 
of Cyclotron Resonance in Metals B006/B070 


results are compured with the theoretical ones. It is then pointed out 

that the dependence of absorption on the direction of polarization of 

a variable electrio field, when the direction of H is kept constant, 

has not yet been investigated. A few problems concerning Fermi surface As 
are discussed, and it is shown that the solution given in Refs. 17 and 18 

for the equation of motion of the electron in a magnetic field parallel 

to the metal surface does not satisfy the boundary conditions. In a 
conclusion, the authors thank A. F. Kip, D. N. Langenberg, E. Fawcett 

and I. Phillips for making available the preprints before publication. 

P. A. Bezuglyy, A. A. Galkin, M. S$. Khaykin, N. Ye. Alekseyevskiy and 

Yu. P. Gaydukov are mentioned. There are 2 figures, 1 table, and 37 ref- 
erences: 17 Soviet, 15 American, 3 British, and 1 Canadian. 


ASSOCIATION: Fiziko-tekhnicheskiy institut Akademii nauk Ukrainskoy SSR 


(Ph sicotechnical Institute of the Academy of Sciences 
of the Ukrainskaya SSR) 


SUBMITTED: December 16, 1959 
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A New Resonance Effect in Metals at High 8/056/60/039/002/028/044 
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oscillations of j and E cover distances of the order of d with a damping 
depth of the order of d?/8 . The phenomenon shown in Fig. 2 is thoroughly 
investigated theoretically? and the determination of the field strength 

in a metal, the investigation of the field struoture in a metal, the natum 
of field “flash-ups", and the natural frequencies of plasma oscillations, 
as well as the surface impedance are studied individually. In this con~ 
nection, the author predicts several new phenomena and discusses possibili.. 
ties of their experimental verification. This concerns, above all, reson- 
ance effeote of impedance: If the resonance conditions are satisfied, et 
discontinuities (jumps) of resonance impedanoe must oceur, and also dis~ 
continuous ( jump-like ) disappearance of resonance on harmonics in plates 
of a thickness of D> d. Experimentally, the derivatives of the impedance 
components (Z = R + iX) with respect to H are easily measurable; the charge 
in these derivatives ina magnetic field in to develop (as predicted by 
theory) not monotonically but also interrupted by "flash-ups", These ef« 
feots occur, 1) with increasing frequency of the alternating field, 

with the rotation of a constant magnetio field in the plate plane, 

3) an effect due te those "flash-ups" is the selective transmissivity of 
the plates in the oase of resonance, and 4) an effect is the "spatial 
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Frequencies B006/B056 


electron echo" analogous to the spin echo. By investigating the impedance 
of the plates, a direct oonstruction of the Fermi surface is possible, 

It is-also shown that in a number of semiconductors and poor metals not 
diamagnetic but cyclotron resonance occurs, The author thanks I. M. 
Lifshitsa for discussions. There are 5 figures and 4 references: 2 Soviet, 
1 US, and 1 British. 


ASSOCIATION: Figiko-tekhnicheskiy institut Akademii nauk Ukrainskoy SSR 


(Institute of Physios and Tochnology of the Academy of 
a Sciences Ukrainskaya SSR) 


SUBMITTED: Mareh 7, 1960 
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83779 
5/056 /60/039/003/041/045 
Xb 14/0 BO006/B063 i 
AY 2120 
AUTHOR : 


Azbel'! 2 M. Ya. 
ee 


TITLE: Quantum Oscillations of Thermodynamic Quantities for an 
Arbitrary Fermi Surface \ 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960, 
Vol. 39, No. 3(9), pp. 878-887 


TEXT: The \purpose of the pregent work was to calculate some thermodynamic 
uantitiessois an electron zastithat is placed in a constant magnetic field 
HO.) for the case of @ non-convex Fermi surface. The dispersion 1aw )) 

E = a(3 is supposed to be arbitrary (& - energy, Bp ~- quasi-momentum). 

In the introduction, the author discusses the results of a paper by 

I. M. Lifshits and A. M. Kosevich (Ref. 1), in which it was shown that, 

as a result of the strong Fermi degeneracy of the electron gas, the 
quantization of the electron energy levels in metals turns the additional 
term to the thermqdynamic quantities into a periodic function of 1/8 

(for € =€(p) and #(0,0,H) = const). Here, the author calculates the thermo- 
dynamic potential $2 and the magnetic susceptibility in the general case 


Card 1/3 


APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000102720010-8" 


"A ROVED FOR RELEASE: 06 i rr 7 
ees Ae aioe ——__ 
csr aD = sts stisrhoa ee eae dee ie SEI RIESE @ EOPES EER Sees CR SS = 


83779 Mi 
Quantum Oscillations of Thermodynamic 5/056 /60/039/003/041/045 
Quantities for an Arbitrary Fermi Surface B006/B063 


for self-interacting orbits, and shows that quantum oscillations of these 
quantities occur in this case, which depend on H. As tne thermodynamic 

potential 62 must be known for the determination of the thermodynamic $ 
quantities, the author thoroughly studies the part of the potential con- ; 
nected with the electron gas, proceeding from the formula 


G2 = - eZin|1 + exp (S52)| , where @ = kT, and 5 denotes the chemical v 


potential. For this part he derives a general formula which leads to an 
equation for the oscillating part ON (N - electron numb r). In the last 
section, the author calculates AN and obtains poe yes If there ig no 
logarithmic singularity, one obtains a formula for ASS +H,9)s which agrees 
with that derived by Lifshits and Kosevich. It is noted that the experi- 
mentally observable oscillations corresponding to bands "filled to an 
anomalously low extent" may be due either to separated gmall surfaces 
and are then described by the Lifshits-Kosevich theory, or to small con- 
vexities or depressions jn the main large bend, in which case they are 
described by the present theory. The author thanks I. M. Lifehits for 
discussions. There are 4 figures and 4 Soviet references. 
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AUTHOR: Azbel', M. Ya. 
nee 


TITLE: The Possibility of Determining the Correlation Function for 
Fermi Fluids in Metals 

PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960, 
Vol. 39, No- 4(10), pp» 1138 ~ 1147 


TEXT; In the introduction, the author discusses the theory of the Fermi 
fluid developed by L. D. Landau in 1956, which is of great importance for 
understanding the properties of fluid He’ and the electronic properties of 
metals. The set of equations for the general case of an electron Fermi 
fluid in an electromagnetic field is reduced to a more convenient form 
than that usually used. The simplicity of the representation proposed is I 
also valid for an electron gas. It is shown that at high frequencies the 
fluid properties always exhibit themselves in the same way as does the 
presence of an electric field normal to the surface of the metal. It is 
found that the only case in which the Fermi fluid effects become 
pronounced is during cyclotron resonance nt very high frequencies which 
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The Possibility of Determining the Correlation s/056/60/039/004/041/048 
Function for Fermi Fluids in Metals BOOG/BO56 


are much higher than those previously considered. In this case the Fermi 
fluid leads, in partioular, to additional broadening of the resonarce 
curve. The possibility of determining the correlation function in metals 
in this case is discussed. I. M. Lifshits, L. P. Pitayevskiy, and 
Ae M. Pogorelov are mentioned. There are 7 Soviet references. 
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(Institute of Physics and Technology of the Academy of 
Sciences Ukrainskaya SSR 
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§/056/60/039/005/017/051 
Boogaard 


TITLE: Quasiclassical Quantization Near Singular Classical 


Trajectories 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960, 


Vol. 39, No. 5(11), 


pp. 1276-1285 


TEXT: It is stated that in the general case the only essential trajec- 
tories in the phase space which are important in the thermodynamics are 
those which are self-intersecting. Such trajectories necessarily exist if 
the potential well has several bottoms. In the case of a metal ina V 
magnetic field this corresponds to a non-convex boundary Fermi surface. 

The equation set for these cases is written and it is shown that near the 
point of self-intersection the distance between the levels has a part 

which oscillates in a magnetic field. I. M. Lifshits, A. M. Kosevich, 

M. I. Kaganov, and G. Ye. Zil'berman are mentioned. There are 8 Yigures 


and 7 Soviet references. 
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AUTHORS: Asbelt, M. Ya., Begiashvili, G. A. 
i etiam 
TITLE: Width of cyclotron resonance lines in semimetals and 


determination of correlation function for bismuth 


PERIODICAL: jhurnal eksperimental'noy i teoreticheskoy fiziki, v. 42. 
N10. 2; 1962, 640-641 


TEXT: Resonance line width is usually determined by the corresponding 
relaxation time. in the case of cyclotron resonance however, the line 

width is considurably dependent on the Fermi liquid interaction. EBarHer JS 
studies (M. Ya. Azbel'. ZhETF, 39, 1138, 15160) have shown that 
Ot re v8 for CY y i.e. for Bed 6 @,~va/e, r= Larmor radius of the “~~ 
electrons, byw eles @, - plasma frequency of electrons, v - velocity, 
g~{ cas/v, G(B,$') = correlation function). There is no resonance at g-~t. 
The experiments of J. E. Aubrey and R. G. Chambers (J. Phys. Chem. Solids, 
3» 128, 1957) with bismuth (where for "holes" b/r~2, wt-~370) showed a 
resonance width of the order of unity (but not 1072 as might be concluded 
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(quadratic dispersion) 
Vere ™ Tore 1, /) (non-quadratic dispersion) 


for the range of diamagnetic resonance. It is therefore clear that the 
relative width of the resonance Tat ¢¢ which is due to Fermi liquid 
interaction has a maximum at Ov. The reason for the Fermi-liquid 
suppression of vyesonance not related to any real attenuation and the 

emall value of ssesonance in nearly all cases is explained without 

allowing for the fact that interaction itself is by no means anall. The point gf 
is, that the Fermi liquid interaction leads to an additional spatial 
dispersion @ =((k) with respect to a Fermi gas, where as is easy to see, —— 


@ «= kv, + aS. (It is essential that the distance AS between the 
levels is independent of k). v, is the mean velocity of the electrons 
passing into tha metals, SQ is the Larmor f:requency. k, which occurs in 
the impedance if the abnormal skin effect ‘is allowed for, leads to 
suppression of resonance. The "expansion" of resonance, however, is not 
small only for xrvr/b~ 1 since the spatial dispersion at normal spin 
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be split up. In the abnormal skin effect resonance is possible only in 

a magnetic field parallel to the surface of the metal, where vz = O and 
where @ is finite when k —>@ s0 that W(k) can be expanded in terms of 
i/er. I. M. Lifshits is thanked for discussions. [Abstracter's note: 
Complete translation. } There are 2 references: 1 Soviet and 1 non-Soviet. 


effect is small owing to the inequality kr&€1. For this reason o(k) can VA 
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(Physicotechnical Institute of the Academy of Sciences of 
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Gruzinskoy SSR (Inatitute of Cybernetics of the Academy of 
Sciences of the Gruzinskaya SSR) 
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Ly ve B104/B108 
AUTHORS : Azbel'. M. Ya., Gurzhi, R. N. 
TITLE: Electroconductivity of thin specimens, and the possibilities 


of determining the free path of electrons in metals 


PSRIQDICAL: Zhurnal exsperimental'noy i teoreticheskoy fiziki, v. Aa, 
no. 6, 1962, 1632 - 1635 


much greater than in massive. metal. Since the temperature dependence of 
the electric resistance of thin metal platies is mainly determined by the 
electron-phonon collision, it is smoother than would correspond to Fuchs! 
formule. Further, the electric resistance of thin metal pletes is tem- 

perature-dependent down to lower temperatures than that of massive metal. 
The residual resistance of a thin plate ig not attained at 1% ei 38 is 


the case with massive metal, but only at ee > (2/0) ei’ 1p is the 


TEXT: The electron-phonon collision frequency in thin metal piates can be ¢ 


free path of exectrons in electron-phonon coliie tones lay is the effective 


free ie in e1ectron-impurity collisions. The possibility of determining 
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experimentally the free path of electrons from the temperature dependence 
of the electPic resistance is pointed out. Thera is 1 figure. 
y 
ASSOCTATION: | Fiziko-tekhnicheskiy institut Akademii nauk USSR (Physico- 
| technical Institute of the Academy of Sciences UkrSSR) 
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AUTHORS : Lifshits, I. M., Agbel', M. Yae, Slutskin, A. A. 
TITLE: The theory of quantum cyclotron resonance in metals 


PERICDICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 43, . 
no. 4(10), 1962, 1464- 1478 v4 


EXT: A theory of quantun cyclotron resonance in metals is constructed. 
the total current density is 3 = I, + Jn cf is caused by the electrons 
colliding with the surface, i, by the non-colliding electrons. The 


difference between the quantum and classical formulas of the first order 
with respect to Feo/s - The quantum expression 


28H, xf eet ae A, (Ys P,) 


T?(— io + N41) %) » (2.4) (2.4) 


t 
Ay (y, pe - v(t) u(y — (0) — ry) enn va relat’ (t") E (v-§ eit") 
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for Jo gives 


@HwA (y, wfHo) sin m1, a OS , a 
ha W) + Sipe Ig I ina nixsign (3). )* 7 
(enyap,), 679) 


Hy ( e(OS/O%N) ay _ 
ee ee 


forl «#1. T= 2nfe(nsp, \, u(x) = O when x<0 and u(x) = 1 when x>0. 
to denotes the Fermi eceetounion function, ¥ the particle velocity, 


r(t) the y coordinate of the particle measured from the orbit center, and 
ty half ne diameter of the electron orbit in the coordinate space. The 
seoseeaion : 
\ ‘jek)ey 3 Aan€n (R), 
ze '2.6) 
3 E as ce 
jt (4) wc J} BBs (k), deo In 2252 —nixsign (gy), + 
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sections. The quantum cyclotron resonance Gan be more easily observed 
near the singulair cross sections mentioned. 
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M. Ya. Ambel, "The Static Skin-Effect." (Not giver. because speaker was ill.) 
; 
report submitted for the Conference on Solid State Theory, held in Koscow, 
December 2-12, 1963, sponsored by the Soviet Academy of Sciences. 
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AUTHORS: Gurzhi, R. Ne, Azbel't, M. Yue, and Hao Pai Lin 


i “< 
TITLE: Surface effects in infrared optics 


PERIODICAL: Fizika tverdogo tela, v. 5, no. 3, 1963, 759-768 
i 


TEXT: The surface { npedance of metals in the infrared region has 
frequently been investigated,and with tha most generalization, by L. P. 
Pitayevskiy. The present authors calculate the oontribution to impodance 
made by electron collisions with the suri'ace, which has not been 
accurately taken into account. The electiron gas is considered as a 

Fermi fluid with arbitrary anisotropic dispersion law governing the 
quasiparticles, and the effect of thin anisotropy is studied. The skin 
effect depends mainly on the relation between ’. the frequency of the 
applied field and the characteristic parameters of the conduction 
electrons (vos their velocity at the Fermi surface, their mean free 


path lev) ¥) and ond the thickness of the skin layer; 
‘ r ~-2| fo 
at [t+(- 1) 2ti/4 2 


= .4nne* /mo*. fhe case «-TS4 has been fully 
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investigated and therefore the authors only consider "high" frequencies 


fats y (or vifral). For the infrared range «31/r  » vy wy vok on o%o/ 


and with the additional assumptions «yy», ke/f, the limits of the 
problem can be given by 


we, aE) a(S) 0) ,, 


The electron-phonon collision frequencies for normal (superscript i4 .) 
“and abnormal (a¥.) skin effect are thua given by : 


eae 
ws. 48 (5) > te<er, 
4s) + OD AT. 


AT, TS®, 
4 (Ee): TO. 


YP TE 
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The electromagnatic properties of the electron gas are defined by oe 

“ } Pan) vo 
tlh len SE esse it Y Uw where 
fs Obie OP eek eo eae re eee ae 
V= Vegttertiest “ort i "ert ™ viig~* ovle 
ad in neglect of the effeats of the Fermi 
nd the Maxwe 


is the surface impedance. 


The ~ problem ig first considere 
fluid. As usuel y the kinetic equation a 
be prgor vee jointly. _The results are 
x (0) Ope Kye (0) Que, Kee 0) Roe Qe a 
= == Wn =, ae ; ' 
a es = |a,- Ri, 0) +0) 
(14) 


+{I Pie —t) 2%) aca | £. %0(2t)" mast 


0 0 
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for a cubic lattice 


-———e 


=< Z, ahs +e) May (15): 


where ; eS eee ae f de %u% oe 


BP, VH=X, Y, 2 


j= iv /v,. Allowing for the Fermi fluid effeots (14) and (15) remain 
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er valid ae 


by Qe § <e,oxp(—4) =, by (p) = $25 Op, PY OP). 
% 4,>0 


K,.Q=— § Su exp(—4) (1-%) v, 


i: Anpyuy >t ¥ ; 
2 és i b tira 
= ST —v, (1--®) u, (1-4-9) v,, ile 
n= Fae fo te He(l 8) v | 
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AUTHOR: ile M. Ya. 7 : é 
- PITLEs Quentizetion of quasi-particles with a poriodio dispersion 


law in a strong ma,netic field,\ a : 
f . : 


PERIODICALS Zhurnal eksperimental'noy 4 tokhnicheskoy fiziki, ve 44, no. 3, — 
1963, 980-982 


- ™3NPs The author investigated the chengos in the structure of the well known 
energy levels (Red. 11 I. M. Lifshits end M. I. Kaganov, UFN, 69, 419, 1959) of 
charged particies with an arbitrary dispersion law in « waak magnetic field (under 
quasi-classicel conditions), due to the increase in maymitude of the magnetic field 
(when the quasi-olessical condition i8 no mora applicnble and the essontial 
periodicity in the disporsion lew sterts). “\Tho charactor of tha spectrum of 
charged quasi-particle in a grystal Lattice in a very strong mepnetica field H is 
ascertained for the simplest case when one can neglect transitions between the 
zones. It is shown that the energy lévele and wave functions are pariodic 
functions of H. , 

SUBMITTED: Octoter 8, 1962 
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cf 
AUTHOR: Azbel', Me Yee : id oth ie 


4 tereosecece EBtEl RR AEAEE Betas | \ 
TITLE: Static skin effect for currents in a strong magnetic field one the 


resistance of metels ‘4 


PERIODICAL: Zhurnal oksperimental'noy i tokhnicheskoy fizild, v. 44, no» 3, 
1953, 983-998 


TEXT: The author starts with the description of! the "static skin effect" which | 
differs from the ordinary sldn effet by the faci, that tie inside current is sinall 
but does not tend to zero and that the vrojection of the electric field in the 
direction of the total current is homogeneous over the ontire depth. The presant 
psper is within the framework of tho classical theory of galvanomagnetic effects in 
thick samples with closed electron trajectorios, It 4s shown that ina strong | 
magnetic field fi (r <<1, » is the Larmor radius, 1 = the electron mean free path) 
the magnitude of a direct current in a sample with a sufficiently good surface 
(whose distortions are sma)l compared to r) drops rapidly in the direction frog the 
surface towards the: center of the eoese (static. skin offect), In very strong 
magnetic fields (such thet r <<1(1/d)* for equal numbers of electrons nq and 


Card 1/2 


APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000102720010-8" 


"APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000102720010-8 
— — : — | RE = a a ame i} ——— a SP 


L 17629+63 §/056/ 65,/Ouu/ 003/ 052/ 053 . / ; 
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"holes" no or r <&)(1/d) for nq A no, where d is the sample thickness) the total 
eurront flows mainly near the surfaco in a leyer with a thickness | if the field 4s 
“perallel to the suri'eos. For ny = ng and a polymnal cross segtion, the current 
Slows near the vertexes at distances of the ordor of 1 from them. This typs of 
current distribution lesds to a linear dependence of tha resistance on the magnetic 
field even for single crystals with closed Fermi surfaces (the conditions for 
observing this denendence and its origin are completely different trom those for 
the linser Kepitza lew which holds for polycrystals with open Fermi surfaces). The 
particular results depend significantly on the conductor contisuration and the 
orientetion of the mametic field. Zhe directions of sharp anisotropy of the 3 (i) 
dependence are detornined, and it is shown that the transformation of a “pood" 
surface into a "bad" ono results in a sherp increase of the resistance gr He for 
ny = ng and to a sherp drop in resistance 9 =» const for ry # n> within the given 
magnetic field. Since the type of statistics is irrolevart for the derivations in 
the orticle, the results of the paper are applicable also for sumiconiucotors. q 
There ure 5 ficures. 
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Azbel! r Me. Ya. 
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Resistance of thin plates and wires in a magnetic field 


. - PERIODICAL: Zhurnal eksperimental'noy {i teoratichetkoy fiziki, v. 44, 
no. 4, 1963, 1262 - 1270 
The res jstence of plates and wires of thickness d placed ina uniform 
etic field H ecalculated as a function of the field strength. The dian- 
phurs are always assumed to be much smaller than the electron mean free 
th: d€l. o9(H) is separately calculated for strong (r@d) anc weak 
fields (za) “directed parallel or at ati ivclination to the plate or the ~~ ~'§ 
_. Wire; vis the orbital Larmor redius. Sinc. the cases nn, and. nyAny are | 


‘also treated separately, there is a great number of possible sean inet lene, : 
i.e. of Q(H) functions. The most important results are shown in the figures. 


’ The main features of the curves are: rapid drop of ge of plates in fields . 
2 7/a; 2 linear e(H) in strong fields, inflection at. 2 ee Md in the plate; 


1. slow oh aae for. HHTr inoresses to the in(i/d)-iold when H inorcases 
es ea 1/4 
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ae TITLE: “Attainment of low temperatures, with the aid of tthe de Haas- Hil 
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= | SOURCE: -thur. ekeper. 4 teoret. fiz., v. 45, no. 2, 1963, 396- 397, i 
wry : a i 
ee TOPIC TAGS: adiabatic ‘acne ell de Haas effect, low temporp: - | 

; ture. in sea low. temperature, meat a - ; 


} a ae td 


: “ABSTRACT: rt is demonstrated with the aid of a formula derived: | by) | 
*; Lifshits and Kosevich (ZhETF v. 29, 730, 1955) that adiabatic vari~ bk. 
=i ation of. the: magnetic field’in metals: Xeads to a decrease in tempera~ dit i 
i ture, in analogy with the result of af abatic demacgneti: ration of ac os 
. | paramagnetic salts. The required change in the magnetic field is Leon 
ot from the vaiue at which the itera part of the magnetic moment: 
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TITLE: Quantum oscillations at high ‘temperatures 


SOURCE: Zhurnal eksper. i teoret. fiziki, vs 45, no. 6, 1963, 2022- 


2023 


MOPIC TAGS: Fermi surface, quantum oscillation, self intersecting 
trajectories, Landau level, single parameter trajectory family, 
high temperature, deHaas vanAlphen effect, Shubnikov deHaas effect 


ABSTRACT: ' Using calculations similar to those in an earlier paper 
(ZhHETF v. ‘39, 878, 1960), the author shows that fairly “large quantum 
oscillations exist on the single-paraneter family of self-crossing 
sections of the Fermi surface at temperatures that are high compared 
with the distance between the Landau ‘levels, viz. ~30K "for the prin- 
cipal bands and 100K for anomaiously ‘small bands. Hypothetically 
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these trajectories can be detected by noting the sharp increase in 
the amplitude of the oscillations as the magnetic field is rotated. 
Orig. art. has: 1 figure and 4 formulas. 
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TITLE: Contribution to the theory of the critical point 
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i 


SOURCE; Zhurnal eksper. 1 teor. fiz., v. 46, no. 2, 1964, 673-676 


TOPIC TAGS: oritical point, free energy, equation of state, co- 
existence owrve, phase equilibrium, free energy, specific heat, 
pingulerity, oritical volume 


ABSTRACT: I:a view of the aiscrepancy' with ordinary theory aise 
| played by tha experimental results of the VNIIFTRI Thermodynamios 
Laboratory (M. I. Bagatskiy, A. V. Voronel', V. G. Gusak, ZhET?, 
v. 43, 728, 1962; A. V. Voronel', Yu. -R. Ohasbkin, V. A. Popov, 
V. Ge Simkin, ZbETF, 45, 828, 1963), where a logarithmio singulare 
4ty was observed for the temperature dependence of the specific 
.. heat 0. near the critical volune, the authors propose a ne- tnoory 
in whith the form of the free energy near the oritioal poiat agroos 
with these experimental data. In both tho existing and modified 
} theories the order of the mallest nonvanishing derivative of the 
aie with respect to the volume at the oritioal point determines 
‘ar 4 ae ‘ ae 
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uniquely the form of the phase-equilibrium point near the oritical 
point, namely proportionality of the welative temperature to the 
relative volume quared. Several ways of ochedking the consequences { 
due to the presence of the singularity at the oritical point will | 
be treated in a future article. Orig, art. has: 6 formulas. 
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‘Meagiiiede susceptibility, conduction electron, tempera 
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2 eanilact ion! ‘with the. difticults es. enaivirltexed. in: ‘the. sede oe fe 
- past- in sep ting the. monotonic susciptibil, ity of thie_ conduction. © 7 
electrons Extm the lattice susceptibi, lity, the author's calculate 

the dependente. of :the. susceptibility. an. the temperature: and On. the’ Bae 
magnetic field by first determining the magnetic moment of the con- 
- duction electirons. in. strong. fields. iin expsession is..then obtained | 
for the susetptibility in: oer Form and. a | criterion oe Sextet: ca: - 
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part (the ddHaas~—VanAiphen effect). It is concluded that. in Saee 
~ strong magnetic’ fields the magnetic. ihoment in the main approximation as 
| Goes not deyiend on. the. temperature and is determined only by the  -- 
-magnetic-fidild-dependence of the ground state energy. In extremely —- {I 
. strong magneitic: fields, the magnetic) moment is subject to a small = | 
~~ -Lnerement that depends linearly .on. the temperature; the proportion~ | - a § 
_ ality coefficient is determined by the density of states.at the == 
ground stati. Orig. art. has: 22 formulas. BR te el nh 
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_aRsTcT: ‘The. -authors. ‘eadenlate the shift in ‘the poundaries. of the energy. — inl oe 
“8 metal, necessary for this metal to turn into ia dielectric. The feasibility of 9 
“such @ shift with the edd of m constint magnet field is illustrated using as an 
example eleatrons with. a. quadratic dispersion jlaw. For anomalously minimal bands 
and 2cr metals of the tismth type, the Apel field is of the order of 109~-\1 pees & 
08, The denendsmba_of yaricgua eleetronie-charieteristices on the- magnetic Meld age 
araiverd, This doeludes the conductivity eral ihe thermodynimie and ehemteal poten- © 
tints. xi ia shom that et the value of the f.ald at which the edgaz of the tands. 
oore dn gortact, she chart eats potentials and their derivatives remain coustians 


: “"Veord 2/2. : ae 


APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000102720010-8" 


"APPROVED FOR RELEASE CIA-RDP86-00513R000102720010-8 


DHE! RIE SA Potala et Bo ae 3 eM aS er EET Lee NG Ss ESS | BR EE a FB SON BS Oh EOE WE at 


i 

i 

: at 
ee 

i 

ut 

uy 


-. {exeept for the derivatives with respect | : eld). ‘The ewes 
y.. Aexcept for the derivatives with respect to the eagnetic field): The magnetic nos 
Le ee roar fea sane singularities and the same. character of Sependease on Gia prinnete ae 
. Las the conductivity. At ‘busceptibility experiences an ine ie 
finite jump at H = Fy. | 
| gunes ‘values of the: ener 
equal-energy surfag 
’ faces to the 
_ the. chemical 


APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000102720010-8" 


"APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000102720010-8 | 


hil BREAST BoA ne ES aetna Peer ses & be BT Reihtoo Gite seein f Evel SERS A ia Latensee | BEAST GEE B FG 


ot an i 7 ees t a. 


hl 
A 


. t r ‘ a 

_ AUTHOR: _Azbel 2M. Ya.; Peschanskiy,, V. Cay: an ; 
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- SOURCE: Zhurnal eksperimental! noy 1 teoreticheskoy fiziki, v. 49, 
no. 2, 1965, 572-587 


‘distribution function, skin effect 


‘ ABSTRACT: The authors present, for the first time ina literature, 

& method for the exact determination of the resistance of a thin wire 

, and for find:ing the distribution of the current and the field in a 
_Wire of arbisrary shape ina strong magnetic field, for any arrange- 

_ ment and shape of the contacts. The mean free path of the conduction; 
electrons is assumed to be infinite. Fora plane parallel plate, an i 
-exact solution of the same problem is given without making any as- 

sumptions about the magnitude of the magnetic fleld. The approach is. 
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_ + based on a precise fomlation of the complete system of equations, 

-Which are essentially different in the microscopic and phenomenologi-' 
, cal theories, and of the boundary conditions for the distribution , 
'funetion of the conduction electrons. It is shown in particular that. 
: the distribution function of the electrons reflected at the surface 
‘is not the equilibrium Fermi function, as is usually assumed. It is 
_4180 shown that the resistance is very sensitive to the nature of the 
.contacts and become infinite in the case of point contacts; At the 
“same time, the ratio of the potential jifference near the contact to 

the current strength is stable and independent. of the type of contacts, 
As the shape &nd size of the contacts are varied, the dependence of 
the resistanze on the strong magnetic field changes from saturation 

to quadratic growth. A.statie skin effect occurs in a strong magnetic 
‘field, with tre entire current localized in a layer whose thickness 
-is of the order of the Larmor radius. If the contact arrangement is 
symmetrical,. the static skin effect appears only in conductors with 

an equal number of holes and electrons, and does not affect the de- 


pendence of the resistance on the magnetic field. Orig. art. has: 
6 figures and 57 formulas. ; 
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Contritutiion to tre theory of quantum cecllintions of surface ee 


SOURCE: Zmarnal oksperimental’ noy 1 teoreticheskey fiziki.. Pis'ma v redekts 
Prilozheniye, ve ti, no. 5, 1966, 201-205 


POPIC WGS: quantiwa oscillation, surface property, electric impedance, dlamagnetion, : 
conduction Pes tins muznetic moment, kinetic equation , ; 
oe 


ABSTRACT: The arhingle deals with the quantun csci)lations of both the thernodynenie 
und Kinetic quantities which are due to dianagnetic Tandau- Level quantization of the 
electron energies at temperatures thet are. Low compared with the Fermi degeneracy 
temperature, and which can be quite large in sufficiently stronz megnetic fields. 

At. alternating electroumenctic fields and in a quantizing constant magnetic field 
these reduced to a single quantity, the total surface impedance, The authors esti- 
mate the contributions made to these oscillations by the nonrelativistic osed lations ! 


of the conduction carrent and by the relativistic oscillations of the ragnetic moment, _ 


vihich are essentially of o different order of magnitude. It is shown that at low 
vrequencies, tha sicface-ixpedance oscillations are determined essentially by the 
de Hsas--van Alphen effect, and the relative anplitude of the impedance oscillations 
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: 48 proportional to xr 2 (X -- magnetic suscep sibility). With increasing frequency, 

| the relative role of the oscillations of the miynctic moment decreases, and the 

; surface-impedance oscillistions are determined by the Shubnikov--de Haas effect. It 

| is indicated that to construct a consistent theory for the general case it is neces- 

{ sary to combine Naxwell's equations with ordinmry boundary conditions and to solve 

i in addition a kinetic equation for the density matrix, for which different approxima 

 t4ons must be made at low and high frequencies, ‘The derivation of the exact formulas 
and comparison with experiment will be reported separately. Orig. art. has; 1 for- | 
mula. , 
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ORG: Institute of Theoretical Physics, Academy of Sciences SSSR (Institut teoreti- 
cheskoy fiziki Akademii nauk SSSR) °° 


TITLE: Cyclotron resonance in an inclined magnetic field 


SOURCE: Zhurnal eksperimental'noy i teoreticheskoy fiziki. Pis'ma v redaktsiyu. 
Prilozheniye, v. 5, no. 1, 1967, 26-29 


TOPIC -TAGS: cyclotron resonance, conduction electron, galvanomagnetic effect, elec- 
tron motion 


ABSTRACT: Unlike earlier papers, which were confined to cyclotron resonance in a 
constant magnetic field H inclined at a small angle to the surface of the metal, 
the authors discuss the theory of resonance at arbitrary @, when there is no reson- 
nance in the principal approximation in terms of the anomaly. It is shown that in 
the next higher approximation in the anomaly, a new type of resonance and of periodic 
‘oscillations appears also in a parallel field (@ = 0), owing to the field and current 
peaks (similar to those considered by one of the authors earlier (ZhETF v. 39, 400, 
1960) at depths that are multiples of the orbit diemeters D. Ina parallel field the 
resonance occurs at frequencies Q corresponding to the limiting points and the central 
section of the Fermi surface to the extremal values of the effective mass m, and... 
(owing to the peaks) to the extremal orbit diemeters. When the magnetic field is in- 
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clined, the first to disappear is the resonance on the extremal "noncentral" sections, 
owing to the electron drift. With increasing inclination of H, the decisive role is 
assumed by the field peaks which “pick out" a nurrow group of electrons. ‘This alters 
substantially the shape of the: resonance curve, whereas the resonance frequency 0, 
remain constant. Eventually, all that remains is the resonance due to the "new" pea 
from the drifting electrons. The variation of the resonance at the limiting point 
with changing @ is described. Experimental investigations of this resonance would 
make it possible to determine the effective mass and the area of the Fermi~surface 
section, and would permit a comparison of the same Fermi-surface characteristics ob- 
tained from different experiments. The accuracy of the agreement between them may be 
evidence of the degree of accuracy obtained by introducing quasiparticles (conduction 
electrons) in the metal. ‘The authors thank V. F. Gantmakher, M. S. Khaykin, and R. T 
Mina for a useful discussion. . : 
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